This study presents the cost and performance of CO2 capture from advanced natural gas combinedcycle (NGCC) plants by hybrid amine/membrane. Some possible climate change legislation may provide that plants are taxed on every ton of CO2 emitted. Because NGCC flue gas has a lower CO2 concentration than coal-fired flue gas, higher CO2 capture cost is expected with NGCC. A CO2 selective membrane is combined with the amine scrubbing system to increase the CO2 concentration in the flue gas of NGCC. This work presents the cost and performance of advanced NGCC plants with CO2 capture using the hybrid amine/membrane design. Three reference cases (without CO2 capture, CO2 capture using monoethanolamine, and CO2 capture with 35% exhaust gas recycle (EGR) using advanced monoethanolamine) were compared to CO2 capture with amine-only cases and hybrid amine/membrane cases. The membrane enriched CO2 in the NGCC flue gas from 4% to over 12%. The highest CO2 is limited by the O2 in the recycled gas. The flue gas split ratio was calculated by ChemCAD. Absorber design was optimized by using direct contact cooler (DCC) or pump-around, and variable lean loading. Regeneration design focused on minimizing the total cost of the CO2 capture system using the lean and rich loading as the input. Figure 1 shows the stripping configuration. The sensitivities of cost and energy performance to rich solvent inlet temperature, stripping temperature, cold rich bypass (CRBP), solvent, and absorber inlet CO2 were studied. The Independence model for piperazine (PZ) in Aspen Plus ® was used to simulate the stripping performance. Equation Oriented Modeling in Aspen Plus ® was used to find the optimum CRBP and warm rich bypass (WRBP). Capital cost and operating cost in $/tonne CO2 removed are used to evaluate the CO2 amine scrubbing system.
Figure 1: Stripping configuration of advanced flash stripper with cold and warm bypass
5 m PZ was used since it is as cost effective and stable as 8 m PZ but does not have the precipitation problem. As absorber inlet CO2 is increased by the membrane in the hybrid design, the amine system cost is significantly reduced. The amine system cost decreases with the absorber inlet CO2. On the other hand, the cost of membrane increases more rapidly with the absorber inlet CO2. Taken together, the total cost of the hybrid amine/membrane system is lowest at 12% absorber inlet CO2. It is competitive with the optimum CO2 capture cost of amine-only case.
Flue gas information of nine different plant design configurations were analyzed as listed in Table 1 Figure 2 shows. Flue gas enters the absorber at 135 °C. Case 1C2 uses DCC to cool the flue gas to 40 °C before it enters the absorber, as Figure 3 shows. The flue gas condition of Ref 3 and 1C1 listed in Table 1 is before the DCC. The absorber removes 90% of CO2 in the flue gas. 
35% Exhaust Gas Recycle
A series of post-combustion cases that combine CO2 selective membrane with amine scrubbing were studied in Cases 1D4, 1D2, 1D1, and 1D3. CO2 in the absorber inlet flue gas is enriched by the membrane up to 12.1% to 18.2%, which is beneficial for absorber performance. Cases 1D4, 1D1, and 1D3 use 5 m PZ to remove 95% of CO2 in the flue gas. Case 1D4 increases CO2 concentration of absorber inlet flue gas to 12.1%, which is comparable to a coal case. Figure 4 shows the complete configuration of a NGCC plant with CO2 capture process for Cases 1D4, 1D1, and 1D3. The flue gas conditions for these four cases in Table 5 are after DCC. Case 1D2 uses pump-around intercooling in the absorber instead of DCC, as Figure 4 shows. Air cooling is used for the water wash. The optimum CRBP for CO2 amine scrubbing at 18.2% absorber inlet CO2 is only 5%, so a design without CRBP was simulated in order to cut down heat recovery exchanger capital cost. 
